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57] ABSTRACT

In an electric dust collecting apparatus of the type that
a dust collecting effect is achieved by applying a high
D.C. voltage between dust collecting electrodes,
wherein the high voltage is controlled via a typical
power control device including thyristors, there is pro-
vided an additional control circuit for intermittently
controlling the power control device to generate an
intermittent high voltage output in such a manner that
both the repetition rate and the pulse width of the D.C.
high voltage output may be adjusted either manually or
automatically so as to improve the dust collecting effi-
ciency of the apparatus and to reduce the power con-
sumption thereof. |

3 Claims, 10 Drawing Figures
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ELECT RIC DUST COLLECTING APPARATUS
HAVING CONTROLLED INTERMITTENT HIGH
VOLTAGE SUPPLY ~

| BACKGROUND OF THE INVENTION

The present invention relates to an improvement in
- an electric dust collecting apparatus.

A typical prior art electric dust collector apparatus is
illustrated in FIG. 1. In such an apparatus, a low voltage
power supply 6 which may merely consist of a commer-
cial A.C. power source provides a relatively low A.C.
voltage to back-to-back thyristors 2. The thyristors 2
are controlled by the thyristor control circuit 7 so as to
provide a controlled output to reactor 8 which feeds a
high voltage transformer 9. The output of the high
voltage transformer 9 is rectified by rectifier circuit 10
and the output of the rectifier circuit 10 1s supplied to
the dust collecting electrodes.

The thyristor control circuit 7 can be operated in
either an automatic mode or a manual mode depending
on the position of the selector switch 14. In the auto-
matic mode, a spark detection circuit 12 controls a spark
frequency control circuit 13 to provide an output to the
phase angle circuit 16 which in turn drives the phase
control 17. In this manner, the thyristors 2 are automati-
~cally controlled so as to vary the D.C. high voltage
applied to the dust collecting electrodes 11.

When the selector 14 is in the manual position, a
manual operation knob 15 is used to provide the control
signal to the phase angle circuit 16. In this fashion, the
high D.C. voltage output applied to the dust collecting
electrodes 11 may be manually controlied. |

However, in such a prior art type of electric dust
collector, since dust particles which can be collected
are limited, in principle, to those having a specific resis-
tance within the scope of about 104 to 10!1Qcm, there is
a shortcoming in that the dust collecting performance is
greatly degraded for dust particles having a specific
- resistance within the scope of 10! to 1013Qcm.

Such a degradation of the dust eo]lectmg perfor-
mance of the known electric dust collector is caused by
the occurrence of back corona within the dust collec-
tor. As a result of an extensive research over many
years, the inventor of this invention has confirmed that
the occurrence of the back corona phenomena is always
associated with a time constant in the range of about 1
second, and hence has invented a novel electric dust
collector whose dust collecting apparatus performance
would be not degraded or less degraded even for dust
particles having a specific resistance within the scope of
1011 to 1013Qcm, by making use of this characteristic
time constant property of the back corona phenomena.
The apparatus of the present invention operates by
applying a current intermittently instead of applying a
current continuously as is the case with the prior art, so
that ‘the current may be interrupted before the occur-
rence of the back corona phenomena. -

SUMMARY OF THE INVENTION
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in which a dust collecting effect is achieved by applying
an intermittent high D.C. voltage between dust collect-
ing. electrodes. The high voltage is controlled by a
power control device provided with a control circuit
for intermittently controlling the output voltage in such

‘a manner that the D.C. high voltage is applied, for

example, during a first period of from approximately
0.001 to 1 second and is then interrupted during a subse-
quent period of from approximately 0.01 to 1 second.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and objects.
of the present invention will become more apparent by
reference to the following detailed description of the
invention taken in conjunction with the accompanymg
drawings, wherein:

FIG. 11s a block diagram showing a circuit arrange-
ment of a known electric dust collector:

FIG. 2 is a schematic block diagram of a control
circuit according to one preferred embodiment of the
present invention,

FIG. 3 1s a more detailed circuit diagram of the inter-
mittent control circuit included in the circuit arrange-
ment 1n FIG. 2; |

FIG. 4 i1s an input-output characteristic diagram of
the inverter included in FIG. 3;

FIGS. 5(A), 5(B) and §(C) are waveform diagrams
representing waveforms at points A, B and C, respec-
tively, in FIG. 3;

FIG. 6 15 a voltage-current characteristic diagram
showing the difference between normal ionization and
back corona ionization in an electric dust collector: and

FIGS. 7(A) and 7(B) are respective waveforms of the
control signal phase angle, the output current and the
output voltage in an electric dust collector according to
the present invention, and similar waveforms of the

- control signal phase angle, the output current and the
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1t is therefore one object of the present invention to -

provide a novel dust collecting apparatus which can
collect even the dust particles having a specific resis-
tance within the scope of 101! to 1013Qcm without de-
grading or with less degrading of its dust collecting
performance.

According to one feature of the present invention,
there 1s provided an electric dust collecting apparatus,

65

output voltage in a known prior art electric dust collec-
tor. |

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIGS. 2 and 3 of the drawings,
reference numeral 1 designates an intermittent control
circuit for carrying out control of the thyristors 2, and
which 1s adapted to be connected to either an automatic
control circuit 4 or manual actuators § via a switch 3.
Reference symbol C; designates a capacitor, symbols
D, Dy, D3and D4 designate diodes, symbols Ry, Ry, R3
and R4 designate variable resistors, symbols Rs, Rg, and
R7 designate fixed resistors, symbol TR; designates a
transistor, and symbols IV and 1V; designate CMOS
IC 1nverters having an input-output characteristic as
shown in FIG. 4.

In such a circuit arrangement, a voltage V 4 at a point
A can have its pulse width T and its pulse interval T3
between one pulse and the next succeeding pulse freely
preset by adjusting the variable resistors R; and Ry,
respectively, and also can have its pulse height A1 and
pulse base level Aj freely preset by adjusting the vari-
able resistors R3 and R4, respectively.

A voltage at a point E is substantially equal to the
voltage at the point A, the transistor TR being inter-
posed to operate as an emitter-follower for the purpose
of current amplification and impedance transformation,
and an output at a point G is an OR gate output for
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ORing the voltage levels at points E and F, se that the

higher of the two is selectwely output at the point G.
To clarify FIGS. 2 and 3, in comparison to FIG. 1, it
1s noted that as an example, resistors R1-R4 may in fact
be voltage controlled resistors or mechanically variable
resistors which are mechanically connected to a servo-
motor drive and control system such that the four vari-

able resistors may have their values controlled by a
control voltage. As shown in FIG. 2, there are four

manual actuators 5 for providing four voltage outputs
used to control the resistance value of the four variable
resistors R1-R4. In addition, there are four voltage
outputs from the automatic circuit 4 which are alterna-
- tively used to control the resistance values of the four
variable resistors R1-R4. The selector switch 3 in FIG.
2 essentially corresponds to the selector switch 14 in
FIG. 1 but of course has four poles corresponding to the
control signals for the four variable resistors R1-R4.
Furthermore, the output point G of FIG. 3 corre-

sponds to the output of the intermittent control circuit 1
~of FIG. 2.
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- With reference to FIG 2, when the selector switch 3

is transferred to the manual position, the control for the
power control device 2 1s effected in a manual mode,
and thus the variable resistors Ri, R2, R3 and R4 as

shown in FIG. 3 are manually adjusted to realize the

desired pulse width Ty, pulse interval T, pulse height
A1 and base level A;. On the other hand, when the
selector switch 3 is transferred to the automatic control
position, the control is effected in an automatic mode.
~ Upon the automatic mode of control, for example, the
following methods of control are possible:

(1) While the variable resistors R1, Ry and Rg4are fixed

25
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‘at constant values, the variable resistor R3(and thus

the pulse height A1) is automatically controlled by
means of the heretofore known spark frequency or
rate control circuit.
(2) The variable resistors Ry, Rz, R3 and R4 are con-
‘trolled by a microcomputer according to a given
algorithm. (The algorithm employed in this case

could be, for example, to adjust the variable resis-

tors Ry to R4 so as to optimize the product
VpXV4yas will be explained later.)

Now describing the basic characteristics of the elec-
tric dust collecting effect, the voltage-current charac-
teristic for normal ionization takes the mode repre-
sented by the curve I in FIG. 6, whereas upon occur-
rence of back corona ionization, the characteristic takes
~ the mode represented by the curve Il. If back corona
ionization occurs, the voltage-current characteristics
would vary along the curve II, so that the voltage
~would not substantially rise even if the current 1s in-
~ creased, and hence, under such a condltlen, a wasteful
current. would flow. |

The magnitude of the dust collecting efficiency 1s
‘approximately proportional to a product VpXVypofa
peak value Vp of the voltage and a time-average value
V 4y of the voltage, and therefore, the larger the prod-
uct Vp)x: V 4y is, the higher 1s the dust eolleetlng effi-
ciency.

The back corona phenomena occurs when the time
average of the current exceeds a certain value and at
that time, the current-voltage characteristics change
from the curve I to the curve II and this change occurs
with a time delay of approximately one second.

In other words, even if the current I is abruptly in-
creased and decreased between the current values Iz
and 1,1 as shown by the middle waveform in FIG. 7 (A),
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the current-voltage characteristics still remain on the
curve I in FIG. 6 when the time average value of the
current is small. The time average value L4y of the cur-
rent can be calculated by the equation of

T
Tqv = Iq2 X T+ 15

assuming that Iz;=0. In the prior art system, the time
average value of the current is as large as I as shown by
the middle waveform in FIG. 7 (B) in order to make the
voltage as large as possible, and hence, the current-volt-
age characteristic follows the curve II in FIG. 6.

Now comparing the values of VpXV 4 between the
prior art and the present invention with reference to
FIG. 6, in the case of the dust collector of the prior art,
the product VpX V 4y is equal to V2 because Vp=V,
and V4=V, as will be seen from FIG. 6, whereas
according to the present invention it becomes Vg2 X-
V 4y because Vp=V 3 in this case as will be seen from
FIG. 6, and by appreprlately selecting the ‘parameters
Ty, T2, Ay and A3 it is possible to reallze the condltlon
of Vi2<Vaa XVyyp.

The time average value V 4yin the case of the present

“invention is not clear merely by reference to FIG. 6.

The voltage waveform in practice takes the form shown -
by the bottom waveform in FIG. 7, and a time average
value of this waveform is the average value V 4y. This
average value exists between the maximum value Vg
and the minimum value Vi, it approaches successively
to the minimum value V, as the second period T3 is
increased. One example of operation data of the prior
art system and the system according to the present
invention 1s given in the following Table 1 o |

TABLE 1

System According To This

Prior Art System | Invention
vV, 28KV 44KV
Vay 278V 228V
Vp X Vay 756 9_‘63 -

According to the results of many practlcal measure-
ments, it has been reported that the dust collecting
efficiency of the dust collector according to the present
invention is increased by 10 to 20% or more as com-
pared to that of the dust collector of the prior art.

Now the power consumption of the apparatus ac-
cording to the present invention will be compared to
that of the dust collector in the prior art, by way of
example, with reference to the practical data given in -
Table 1 above. The power consumption is represented
as an approximation by V 4y X114y, where V 4y repre-
sents a time average value of an applied voltage and 14»
represents a time average value of a supplied current.
The power consumption of the heretofore known dust
collector was 27 KV (V4 in Table l)>< 1600 mA
(I141)=43 KW. The power consumption in the case of

the dust collector according to the present invention

was reduced to 22 KV (V4y in Table 1)X 400 mA
(I14)=8.8 KW. The numerical value 400 mA for the
time average current 14y is calculated in the following
manner. That is, assuming that I;1=0 we obtain

T]I
=" X ¥T
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Substituting the numerical values I =1600 mA,
T1=10,,,5s and T>=30,,s into this equation, the average
value

10

v =100 X530

= 400 [mA]

can be calculated. Thus, 1t can be appreciated that ac-
cording to the present invention, an equally excellent
dust collecting efficiency can be realized with a power
consumption of only 20% of that of the prior art dust
collector.

Finally, it should be noted that the intermittent charg-
ing type dust collecting apparatus according to the
present invention is entirely different from the hereto-
fore known pulse type dust collector. For the reader’s
reference, the distinctions between the above two types
of dust collectors are enumerated in the following table:

Pulse type electric
dust collector

(in the prior art)

Apparatus according to
the present invention
(intermittent charging)

Repetition 001 — 10s 0.001 — 0.01 s
period

Charging pulse 1 — 1000 ms 100 us — I ms
width

(1) Currently com-
mercially
available one,

(2) Control circuit
(heretofore used),
and

(3) Separate pulse
generator to be

added newly.
100 + 200 =~ 300

Charging device (1) Currently com-
mercially available
one, and

(2) Electronic control
~ circuit (heretofore
used) with only

minor modification.

Relative cost 100 + 20 =~ 120
for comparison*
Saving of

Energy saved.
energy |

Not saved.
*100 = cost of prior art D.C. mgh voltage supply.

In essence, according to the present invention, there

1s provided an energy-saving type dust collecting appa-

ratus which can effectively collect dust particles having
a specific resistance within the scope of 104 to 1013Qcm,
owing to the fact that in an electric dust collecting
apparatus of the type that a dust collecting effect is
achieved by applying between dust collecting elec-
trodes a D.C. high voltage adapted to be controlled via
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6

a power control device including thyristors. A control
circutt is provided for intermittently controlling the
power control device in such manner that the repetition
period and the pulse width may be adjusted manually or
automatically so as to improve the dust collecting effi-
ciency as mentioned above. Therefore, the present in-
vention is industrially very useful.

Since many change could be made in the above con-
struction and many apparently widely different embodi-
ments of this invention could be made without depart-
ing the scope thereof, it is intended that all matter con-
tained in the above description and shown in the accom-
panying drawings shall be interpreted as illustrative and
not as a limitation to the scope of the invention.

What is claimed 1s:

1. An electric dust collecting apparatus having a low
voltage power supply -driving a high voltage trans-
former which drives a rectifier circuit which drives dust
collecting electrodes and having a thyristor circuit op-
eratively connected between said low voltage power
supply and said high voltage transformer, said thyristor
circuit being controlled by a thyristor control circuit
operatively connected thereto, the improvement com-
prising: o |

an intermittent control circuit operatively connected

between said thyristor control circuit and said thy-
ristor circuit for transforming a D.C. voltage out-
put from said thyristor control circuit into a peri-
odic pulsed D.C. signal, said signal having a con-
stant pulse width and a constant pulse repetition
rate and having a constant maximum and a constant
minimum voltage level;

and a means for adjusting at least one of saitd constant

pulse width and pulse repetition rate and said con-
stant minimum and maximum voltage levels of said
periodic pulsed D.C. signal so as to prevent back
corona from occurring in said dust collecting appa-
ratus by periodically alternately supplying a high
voltage and a reduced high voltage to said dust
collecting electrodes. | | |

2. An apparatus as in claim 1, wherein said constant
pulse width is adjustable over a range of between 0.001
to 1.0 seconds. |

3. An apparatus as in claim 1, wherein said constant
repetition rate is adjustable over a range of between 0.01

to 1.0 seconds. |
| k% k¥ %
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